Abstract The determination of skeletal age is essential in the management of patients with scoliosis.
Introduction
The accurate assessment of skeletal maturity is crucial in the management of patients with adolescent idiopathic scoliosis (AIS) when deciding whether conservative or surgical treatment is indicated. As the chronologic age of the patient is assumed to be inaccurate [14, 16, 18, 22, 35] several parameters have been proposed in maturity determination, such as the rip apophysis, timing of menarche, peak height velocity, assessment of the olecranon, calendar and skeletal age of the hand or wrist, the Risser sign, and electromyography [8, 9, 14-16, 22, 23, 25, 26, 28, 31, 40] . Evaluating Risser Grades requires plain radiographs of the iliac apophysis. The combined radiation dose for a standard posterioanterior and lateral standing radiograph is approximately 1.0 mSv (milli Sievert) [1] , which is among the highest in diagnostic radiography. During adolescence the patients mammary glands are particularly sensitive to radiation [10, 13] . Exposure to radiation should therefore be reduced to a minimum. A reduction of the radiation dose may be achieved by using ultrasound devices to estimate of the skeletal age.
The purpose of this study was to determine the accuracy of ultrasound evaluation of the Risser Grade as compared to plain radiography in patients with adolescent idiopathic scoliosis.
Methods
From August 2001 to July 2005, 46 patients (36 female, 8 male) with idiopathic adolescent scoliosis who had undergone iliac apophysis radiography for skeletal age determination according to Risser were enrolled into the study. The patients had a median age of 14.5 years (range, 7-17 years). Standard anteriorposterior radiographs of the iliac crest apophysis were made using a digital bucky system (Philips Digital Diagnost, Philips Medical Systems, Hamburg, Germany). The system is based on a 43 9 43 cm flat planel detector provided by Trixell (Moirans, France) which consists of a cesium iodide scintillation layer mounted on a 2,94 9 13,021-pixel readout matrix made of amorphous silicon. Each of these elements is connected to a tiny switch for readout. The detected signals are amplified and multiplexed and then transferred to a post processing workstation.
Subsequently, Risser Grade (0-V) ( Fig. 1 ) was measured [22] . The Risser sign was defined by the extent of ossification of the apophysis from the anterolateral to the posteromedial aspect of the iliac crest. The absence of ossification of the iliac crest was defined as Risser Grade 0. Ossification within the first quarter was defined as Risser Grade I (0-25%). Ossification extending the second quarter of the iliac crest was recorded as Risser Grade II (25-50%). Risser Grade III represents an ossification progress into the third quarter (50-75%) while Grade IV was defined as an ossification into the fourth quarter of the crest (C75%). Complete fusion of the apophysis to the ilium was rated as Risser Grade V. A senior staff radiologist evaluated all iliac apophysis radiographs and determined the Risser sign as defined above.
On the same day, sonographic examinations of the iliac apophysis were performed on an ATL HDI-5000 ultrasound scanner (Advanced Technologicaly Labor, Bothell, Washington) using a 12-MHz linear array. The patients were placed in a lateral decubitus position. The ossification center of the apophysis was scanned starting at the anterolateral aspect of the iliac crest and going on to the posteromedial aspect. The grades of the Risser sign (0-V) were assessed as defined above. The ultrasound examinations were carried out by another senior staff skeletal radiologist. Ultrasound evaluation was performed without knowledge of the radiographic results. The results of ultrasound assessment were compared to the radiographic findings. Plain digital radiography was taken as the gold standard to assess the Risser Grade.
Statistical methods
Agreement in Risser grading between the two diagnostic methods was determined by Kappa statistics. The coefficients \0.21, 0.21-0.40, 0.41-0.60, 0.61-0.80, and [0.80 were considered poor, fair, moderate, good, and very good agreement [2] .
Results
Ultrasound and radiologic data were available for all patients. The results of radiographic and ultrasound evaluation are shown in Table 1 . 100% agreement between the two examination techniques was found in 40 of 46 patients. According to the ultrasound evaluation, thirteen patients were classified as Risser Grade 0, three as Risser Grade I, six as Risser Grade II, three as Risser Grade III, eleven as Risser Grade IV, and ten as Risser Grade V. All patients sonographically classified as Risser Grades I-III showed identical radiographic Risser Grades. Disagreement between radiographic and ultrasound examination was observed in Risser Grades IV and V. In five patients, a radiographically assessed Risser Grade V was determined as Grade IV with ultrasound. In one patient, a radiographical Risser Grade IV was assessed Grade V with ultrasound. The Kappa value showed very good agreement between the two diagnostic methods. (j = 0.835, P \ 0.001).
Discussion
Skeletal maturity needs to be considered when treating patients with scoliosis. Various indicators for assessing maturity and spinal growth have been described in literature, such as chronologic age [16, 23, 31, 40] , the rip apophysis [14] , the status of opened or closed triradiate cartilage [16] , timing of menarche [14, 23] , peak height velocity [22, 32, 34] , the assessment of the olecranon [8] , calendar and skeletal age of the hand or wrist [12, 14] , the Risser sign [15, 28] , and electromyography [9] . The stage of ossification of the iliac apophysis (Risser sign) is the most commonly used method of determining skeletal maturation in patients with idiopathic scoliosis [4, 5, 11, 17, 19-21, 27, 30, 31, 37-39] . Risser Grade determination is a simple and readily available method and therefore it is frequently used. However, radiation exposure is a significant problem in these young patients. The patients mammary glands are directly exposed to ionizing radiation. The combined radiation dose for a standard posterioanterior and lateral standing is approximately 1.0 mSv and among the highest in diagnostic radiography [1] . Due to the necessity of frequent follow-up radiographs, the cumulative radiation dose may become significant, which has been associated with a higher risk of developing breast cancer [10, 13] .
Various studies have been published highlighting this problem. Izumi [15] compared Risser Grade determination performed on an AP X-ray view with posteroanterior (PA) radiographs. Since the incidence of breast cancer has been reported to be higher in scoliotic patients, he tried to introduce the PA view of the pelvis in the routine follow-up of patients with scoliosis. He concluded that the appearance of the iliac apophysis on the PA radiographs cannot be established as a reliable indicator of skeletal bone age because 42% of the PA views produced a contorted image of the iliac apophysis without visualizing the medial and lateral aspects of the apophysis.
Since it was assumed that the entire excursion of the iliac crest could be imaged on AP oblique views, Shuren et al. [33] compared the iliac apophysis in PA and AP oblique views in 34 patients. The authors did not find any significant differences between Risser Grade assessed on PA and AP oblique, but pointed out that the differentiation between Risser IV and V may become difficult on the PA radiographs since the ilium may overlap the apophysis.
Only few studies have mentioned sonography as an image-guided alternative to examine bone age [3, 6, 7, 24, 36] . Wagner et al. [36] described a high correlation between sonographic and radiological Risser Grade evaluation. Wagner concluded that the sonographic differentiation between Risser Grades III and IV to be demanding, especially in overweight patients. In this study, an overall accuracy of 89.2% (25 of 28 measurements) was achieved. However, Wagner's study group was smaller than the current and the ultrasound equipment was less sophisticated. In addition, radiological equipment has improved considerably, particularly with respect to magnification capacities and resolution. Furthermore, additional anatomical settings for ultrasound are now available.
Castriota-Scanderbeg et al. [7] investigated sonographic bone age determination in patients with proven or suspected growth disorder by measuring the thickness of the articular cartilage of the femoral head and compared it with the Greulich and Peyle and the Tanner-Whitehouse method. His ultrasound method agreed the least (difference in 4.19-5.13 years) with the other methods. The ultrasound method provided 85.8% (ultrasound vs. Tanner-Whitehouse) to 91.3% (ultrasound vs. Greulich and Peyle) concordant results in recognizing differences between skeletal and chronological age, and showed a 72.5% sensivity and 56.8% specificity. As a consequence of the inaccuracy of Castriota-Scanderbegs assessments, he suggested not using ultrasound evaluation in routine diagnostics.
Mentzel [24] performed a study to compare the Greulich and Pyle method with the sonographic evaluation of the same hand. He applied a sonographic method evaluating the relationship between the velocity of sound passing through the distal radial and ulna epiphysis, and growth, using gender-and ethnicity-based algorithms. The averaged accuracy (i.e., absolute difference in years between the Greulich an Pyle method and the ultrasound method) for the left hand was 1.0 ± 0.8 years and for the distal radius was 0.8 ± 0.7 for boys and 0.9 ± 0.7 for girls. Moreover, Mentzel's technique requires a special ultrasound device.
The sonography-based techniques such as the ultrasonographic version of the Greulich and Pyle atlas demonstrated by Bilgili [3] are available, but they are time consuming (average time; 3 min, 45 s) and may not be useful in routine. Bilgili compared hand and wrist plain radiographs and compared the findings with sonographic evaluation. He reported a correlation of 71.1% for boys and of 65.5% for girls. However, Sanders et al. [29, 30] confirmed that morphological changes in the wrist, radius and ulna did not correlate with curve progression during peak height velocity.
Shortcomings of the current study are that there was only one observer per method. Because the sonographic evaluation is a dynamic assessment technique, multiple evaluations would be needed to get an appropriate result. A second or even third investigation would be very straining for adolescent patients and was therefore not performed. Another shortcoming is that a three-dimensional method (sonographic evaluation) is compared with a one dimensional method (conventional X-rays). However, the aim of our study was to investigate the comparison between two methods with different radiation doses. Nowadays, with modern digital technology, a total visualization of the spine and pelvis can be obtained without the need of extra images. In addition, new X-ray machines are available to illustrate the Risser sign with a radiation of 9-10% compared to a standard radiation dose.
In our study, 100% agreement of the radiological and ultrasound assessments of the Risser Sign was found for Risser Grades I-III using a standard ultrasound device. The disagreement for Risser Grades IV and V may be explained by the overlap of the transverse process of the fifth lumbar vertebra and the medial iliac apophysis in ultrasound. By using ultrasound it was different in some patients to already distinguish between a medially ossified iliac crest (Risser Grade IV) and the bony structure of the transverse process of the fifth lumbar vertebra. (Fig. 2 ) Therefore, a Risser Grade IV without a complete ossification of the medial aspect of the iliac crest may be falsely noted as Risser Grade V.
In conclusion, ultrasound evaluation of the Risser Grade has proved to be an accurate technique compared to radiographic techniques. The technique is cheap, easy to use, fast and easy accessibility. Routine use of this ultrasound method may significantly reduce radiation exposure for patients followed for scoliosis. 
